and is relevant to bankruptcy, liquidity constraints and precautionary saving.
The solution takes the form of the differential equations for consumption while employed and unemployed. This problem will be called the Markov Consumption
Problem (hereafter MCP).
A major objective in consumption literature is to explain how saving behavior responds to income uncertainty (see surveys by Attanasio, 1999; Deaton, 1992; Carroll, 2001; and Hayashi, 1997) . Schechtman (1976) and Schechtman and Escudero (1977) establish that individuals facing income uncertainty in an infinite horizon optimal consumption problem will accumulate assets that smooth out consumption (see also Miller, 1974) . Huggett (1993) and Aiyagari (1994, Section III) relate precautionary saving to uninsurable risks. Kimball (1990) A discussion of results for discrete time processes in Caballero (1990) and Hall (1978) will highlight the differences between the MCP and the conventional literature. In Caballero's paper, a consumer faces uninsured uncertain income in discrete time and can borrow and save at a fixed interest rate. Income follows an autoregressive moving average (ARMA) process. Caballero shows in Proposition 1 (p. 117) that the effect of an income shock or innovation affects consumption through a change in permanent income, i.e., the income shock is annuitized and is equivalent to a change in wealth. Although the income shocks are not independently and identically distributed, Caballero obtains a single state solution that is consistent with the permanent income hypothesis. Income shocks simply move the consumer to a different point on the same relation between consumption and permanent income (or consumption and a measure of wealth) and do not shift the consumer to a new relation. In contrast, the Markov process in the MCP is not autoregressive and shocks (movements between employment and unemployment)
would move the consumer to a different consumption-wealth relation. Specifically, the consumer's shock can only be negative when employed and positive when unemployed, unlike the income processes considered in Caballero's Tables 1 and 2 (pp. 121, 122).
In the dynamic programming solution to the problem of optimal consumption in discrete periods, Hall (1978) concludes that the expected value of the marginal utility of consumption in the next period will be a constant multiple of the current marginal utility of consumption. An analogous result holds for continuous time models. However, some of Hall's corollaries to this result do not hold, even in a discrete time model, when the income shocks arise from Markov movements between employment and unemployment. In corollary 2, using Hall's notation, marginal utility satisfies a regression relation
where E(ε 
Differential Equations
Consider an individual moving between two states of a continuous time Markov If there is no ambiguity, the consumption levels will be written C 1 and C
2
. Then the consumer's rate of asset accumulation in state i would be:
Suppose the consumer's instantaneous, time-separable utility at time t has constant relative risk aversion and takes the form
The case where U[C] = Log[C] corresponds to γ = 0 and can be treated using the same methodology. Suppose future utility is discounted at the rate b. Let 27-30), it can be shown that
where V 
, the Hamiltonian for the individual in state 1 at time t is formed as
where
is the adjoint variable. Analogously, the Hamiltonian for the individual in state 2 is
With differentiability, the first order conditions for the levels of consumption with respect to time. These can be constructed using the adjoint equations generated by differentiating 2.1 and 2.2 with respect to A : With differentiability, Then by solving the adjoint equation (2.9),
be the total derivative of λ 1 with respect to time when the consumer is in state i. That is, the subscript i outside the parentheses indicates the consumer's state for which the derivative is calculated. These derivatives can be found from the foregoing results. In state 1, using 2.12,
Then from (2.9) or from (2.12),
In state 2, Since the MCP is an autonomous system, consumption in each state depends only on assets and not on time. Differential equations in terms of consumption levels and assets can be derived as:
That is, the differential equations for consumption with respect to assets are the same whether calculated from time derivatives in state 1 or state 2. These calculations yield the following result.
Theorem 2.1. In the MCP, optimal consumption levels satisfy
Description of Solutions
Description of the solutions to the differential equations in Theorem 2. 
Applying L'Hospital's rule by differentiating the numerator and denominator of 2.19 with respect to A yields an expression that can be solved for dC 1 /dA. Then 
Proof. Since It is possible to solve for the levels of the value functions with and without liquidity constraints. The effect of liquidity constraints is to reduce the levels of the value functions, as one would expect from any restriction placed on optimal behavior. In the absence of a liquidity constraint, the optimal behavior for the Three different marginal propensities to consume out of income can be identified in the MCP: In the permanent income hypothesis, consumption depends on a measure of permanent income that incorporates the expected present value of future income streams. In the MCP, it is possible to calculate the expected present value of labor incomes from the Markov movements between employment and unemployment.
The difference in the expected present values of future labor incomes between employment and unemployment is
If the permanent income hypothesis were strictly valid for the MCP, the difference in consumption between the two states would be a constant proportion of the difference in present values in 3.6. Then the consumption functions for the two states in Figure 3 .1 would differ by a constant vertical amount. However, the figure shows that the difference in consumption is large near bankruptcy and then declines to a much smaller difference as financial assets increase. The MCP is therefore inconsistent with a formulaic version of the permanent income hypothesis.
The solution with b < r can be briefly described. There will be a break-even asset level A 
Conclusions
From the foregoing results, it is possible to examine the consequences of liquidity A point that arises from being able to view the consumption functions in employment and unemployment, with and without liquidity constraints, and in the limit as assets approach minimum levels. This paper has described consequences of liquidity constraints. Other consumption phenomena that can be studied include bankruptcy in the absence of a liquidity constraint and the determination of the break-even level of assets (where consumption equals income in one of the states).
The methodology can be extended to describe uncertainty generated by other Markov process transitions, such as movements in the interest rate between two levels.
